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the 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Cosmic Rays, EAS & EAS Array 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1.  CRs were discovered ~100 years 
ago  

2.  Many discoveries were made in 
CR experiments  



CRs: Knowns & Unknowns & TBC 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1.  HE CRs are NOT DM (mainly ions)  

2.  Covers huge energy range 
3.  Power law spectrum  

4.  Knee 
5.  Ankle  

•  Composi0ons at high energies  

•  The source for high energy CRs 

•  Long term correla0on with 
astrophysical phenomena  

•  Interac0ons at high energies  

•  Cut‐off at the end?  



CR μ contamina<on in dark mater detec<on 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CR Rates & dark ma.er signals 

  ArXiv:0902.2460v1 

ICDC & 
IC80 

s0ll allowed 
parameter space 



The p‐p total cross‐sec0on 

James L. Pinfold, IVECHRI 2006, 14 

(log s)γ 

Uncertain<es: CR Interac<ons, HE μ produc<on 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Uncertain<es: μ interac<ons (propaga<on) 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Uncertain<es: neutrinos (1) 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Charged current neutrino cross sec0on as a 
func0on of energy (in GeV):  
quasi‐elas0c   ‐‐‐‐‐‐‐‐‐ 
Single pion   ‐‐‐‐‐‐‐‐‐ 
Deep inelas0c ‐‐‐‐‐‐‐‐‐ 

€ 

π ± → µ± + ν µ (ν µ ),(~ 100%)

K ± → µ± + ν µ (ν µ ),(~ 63.5%)

KL →π ± + e± + ν e (ν e ),(~ 38.7%)
µ± → e± + ν e (ν e ) + ν µ (ν µ )

15~20% primary energy 

The DM density in the neighborhood 
of our solar system is expected to be 
ρDM ∼ 0.3 GeV cm−3.  1 b = 10−28 m2 

1 pb = 10−40 m2 



Uncertain<es: neutrinos (2) 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1. Fold it with the neutrino cross 
sec0on  interac0on rate is 
∼1 events/ton/year (on 16O )  

2. Mainly by quasi‐elasDc nuclear 
scaGering.  

3. There is no good way to reject 
this background.  



  CC-νµ  interactions
   NC-ν and CC-νe/ντ  interactions

Uncertain<es: neutrinos (3) 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LZD 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Teff =
T (X )[exp(−X /Λπ )− exp(−X /ΛN )]∫ dX /X
[exp(−X /Λπ )− exp(−X /ΛN )]dX /X∫

≈
[T (Xi )/Xi ]i

∑ [exp(−Xi /Λπ )− exp(−Xi /ΛN )]

[1/Xi ]i∑ [exp(−Xi /Λπ )− exp(−Xi /ΛN )]

atmosphere a.enua0on lengths for pions and nucleons  

Long term behavior(1): Seasonal modula<on in MACRO   



•  Upper atmospheric temperature  
from balloon observa0on 
at different pressure level 
from 20hPa(~25,000m) 
   to100hPa(~15,000m) 

•  Surface temperature (‐75~‐25oC) 

•  Surface pressure (average value is 
P0=680hPa ) 

•  IceTop count rate at DOM 74‐63 
  pressure uncorrected, corrected 

•  InIce SMT rate 
  data during IC‐26 is normalized 
  to IC‐40 level 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Long term behavior(2): Seasonal modula<on in IceCube  



Long term behavior(3): Nuclear decay rates 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Long term behavior(4): Seasonal modula<on in DAMA 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No comments 

average 1400 m rock coverage 



Some Possible Causes ( Dark Matter ): 
  Uneven distribution of  CR sources 
  Discreteness of  SNRs and stellar winds 
  Magnetic field structures  
  CR transport parameters 
  Compton-Getting (CG) effect 
  Heliospheric magnetotail: tail-in enhancement 

  Related to Dark Matter  ???? 

15 



Science Vol. 314. no. 5798, pp. 439 ‐ 443 

4 TeV 

300 TeV 

12 TeV 

6.2 TeV 

50 TeV 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More from IceCube (high energy muons) 

IceCube & 
Tibet Array 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Ozone hole can also trick …  
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How big the effect might be 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~ 600 m 

2500 m 

Calculated differen0al spectrum (lines) 
Integrated event rate (dashed lines)  
For Xe, Ge, and S targets 
100 GeV WIMP  
SI cross sec0on σ = 5 × 10− 43 cm2 was used 

5 KeV, LUX 



Hard DM scien<sts’ 
life made easier  

& 

Study the CR 
related signals in 
deep underground 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~100% trigger efficiency at the surface 



Available techniques 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To be beVer … 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